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(54) ATTTTUDE CONTROL METHOD AND APPARATUS FOR SPACE ROBOT 
(57)Abstract 

PURPOSE: To effectively restrain the attitude change of a space robot by estimating 
the reaction force when a manipulator is operated as disturbance torque, generating 
compensating torque corresponding to the estimated value in a thruster and 
compensating residual minute attitude change with gyroscopic force. 
CONSTITUTION: At the time of controlling the attitude of a space robot main body 2, 
first an equation of motion for determining the motion of a space robot is obtained and 
input to an estimating device 4. When a manipulator 1 is operated, an operating signal 
from a manipulator control part 1 1 is inputted to the estimating device 4, and a turning 
angle, angular speed and angular acceleration of each revolute joint 9 are given to the 
equation of motion to estimate disturbance torque. If the disturbance torque is above 
an allowable value, a relevant thruster 5 is turned on to generate torque for 
compensating it, so that thrust is generated. The attitude of the robot main body 2 is 
detected by a solar sensor 6, and if minute attitude change remains, a gyroscopic force 
generating mechanism 7 is driven through a control device 8 to compensate the 
attitude change. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the attitude control approach of a space robot with a 

manipulator, and its equipment. 

[0002] 

[Description of the Prior Art] If the arm of a manipulator is operated in order that the space robot of 
a space suspension mold may work supply of the matter, exchange, etc. in space, it is known that 
posture fluctuation will arise on a robot body according to the reaction force. Since the direction of 
the antenna changes when the operating accuracy of a manipulator not only falls, but trouble arises 
in subsequent robot activities and the antenna for a communication link is formed especially in the 
space robot body, if there is posture fluctuation, the serious situation where communication facility 
loses will be caused. 
[0003] 

[Problem(s) to be Solved by the Invention] It considers detecting the posture of a robot body and 
carrying out feedback control of the thruster (auxiliary propulsive engine) as an approach for 
compensating such posture fluctuation (cancellation). However, by such approach, since control was 
started after posture fluctuation had arisen on the robot body, by the time it made it the target 
posture, long time amount was taken, and there was a problem that working efficiency including the 
activity by the manipulator will fall. 

[0004] Then, this invention is originated that the attitude control approach of the space robot which 
can perform quick and suitable attitude control, and its equipment should be offered in view of the 
above-mentioned situation. 
[0005] 

[Means for Solving the Problem] This invention faces [ controlling suitably ] the posture of the space 
robot body changed according to the reaction force of a manipulator of operation. Ask for the 
equation of motion which opts for movement of a space robot beforehand, and the momentum of an 
arm is presumed as disturbance torque based on the equation of motion using the actuation 
information on a manipulator. While generating torque by the thruster so that the estimate may be 
compensated, when there is minute residual fluctuation by a presumed error etc., a gyroscope force is 
generated and the posture fluctuation is compensated by feedback control. 

[0006] Moreover, this invention is equipment for enforcing the above-mentioned approach, and is set 
to the equipment for controlling suitably the posture of a space robot body with the manipulator 
which reaction force of operation produces. The presumed machine for presuming the momentum of 
an arm as disturbance torque based on the equation of motion of a space robot using the actuation 
information on a manipulator, The thruster for generating the torque which compensates estimate 
with a presumed machine, The sensor which detects the posture of a space robot body, and the 
gyroscope force developmental mechanics for compensating the posture fluctuation with a minute 
space robot body, It has a controller for carrying out feedback control of the gyroscope force 
developmental mechanics so that the fluctuation may be lost based on the posture detection value by 
the sensor. 
[0007] 

[Function] By the above-mentioned approach, when a manipulator operates, the reaction force is 
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presumed as disturbance torque, and a thruster compensates this. And a gyroscope force 
compensates the minute posture fluctuation which remained, and the body of a space robot is 
maintained by the target posture. 

[0008] By the above-mentioned configuration, a presumed machine presumes the reaction force 
produced when a manipulator operates as disturbance torque based on the equation of motion. A 
thruster generates the compensating torque which ****s in the estimate, and compensates posture 
fluctuation of a space robot body. When the sensor has sensed that minute posture fluctuation 
remains on the space robot body according to the presumed error etc., a controller carries out 
feedback control of the gyroscope force developmental mechanics, and compensates the minute 
fluctuation. 
[0009] 

[Example] Hereafter, the example of this invention is explained according to an accompanying 
drawing. 

[0010] Drawing 1 and drawin g 2 show one example of the attitude control equipment of the space 
robot concerning this invention. The presumed machine 4 for this control device being formed in the 
space robot body 2 with a manipulator 1 , and presuming the momentum of an arm 3 as disturbance 
torque using the actuation information on a manipulator 1, The thruster 5 for generating the torque 
which compensates estimate with the presumed machine 4, The sensor slack solar-oriented sun 
sensors 6 which detect the posture of the space robot body 2 (or earth sensor etc.), It is mainly 
constituted by the gyroscope force developmental mechanics 7 for compensating minute posture 
fluctuation of the space robot body 2, and the controller 8 which carries out feedback control of the 
gyroscope force developmental mechanics 7 based on the posture detection value by the sun sensor 
6. 

[001 1] A manipulator 1 changes at two arms 3 and two joints 9 with predetermined die length, and 
the hand section 10 is attached at the tip of the tip side arm 3. These drives are controlled by the 
manipulator control section 1 1 prepared in the space robot body 2. 

[0012] The presumed machine 4 is connected to the manipulator control section 11, inputs actuation 
command signals, such as the angle of rotation theta of each joint 9, and angular velocity omega, arm 
momentum is presumed based on the equation of motion of the space robot called for beforehand, 
and the disturbance torque d by reaction force of operation and compensating torque u are calculated. 
This equation of motion is explained in full detail behind. In addition, you may make it detect 
rotation of the motor formed in each joint 9 as an input of actuation information. 
[0013] The tank 12 which the thruster 5 was formed each in three shafts [ two ] (two pieces are 
shown among drawing), and contained gas (propellant), such as high-pressure nitrogen, It changes 
with the nozzle 13 for carrying out jet injection of the gas, the bulb (solenoid valve) 15 prepared in 
the middle of the pipe 14 to which these are connected minds valve drive electronics (not shown) by 
the command of the presumed machine 4, and it is ON-OFF. By being carried out Desired torque is 
generated. 

[0014] The gyroscope force developmental mechanics 7 changes by the well-known reaction wheel 
(RW, moment gyroscope), and operates through wheel drive electronics (not shown) with the 
controller 8 which inputted the detection value of a sun sensor 6. This actuation is controlled by the 
slide modal control which is the nonlinear control approach of stabilizing feedback gain so that the 
space robot body 2 becomes the target posture, i.e., the condition of the posture fluctuation 0. 
[0015] Next, one example of the attitude control approach of the space robot concerning this 
invention is explained as an operation of the above-mentioned configuration (refer to drawin g 3 ). 
[0016] It faces controlling suitably the posture of the space robot body 2 changed according to the 
reaction force of a manipulator 1 of operation, asks for the equation of motion which opts for 
movement of a space robot previously, and the setting input of this is carried out at the presumed 
machine 4. And when a manipulator 1 operates, the active signal which the manipulator control 
section 1 1 outputs is inputted (ST 1), the angle of rotation theta of each joint 9 and the angular 
velocity omega as those time amount differential, angular acceleration, etc. are given to the equation 
of motion, and arm momentum is presumed as disturbance torque d (ST 2). The comparative 
judgment of this disturbance torque estimate (d) is carried out to an allowed value (ST 3), with an 
allowed value [ under ], the presumed machine 4 does not output an active signal to a thruster 5, but 
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actuation of a manipulator 1 is continued. With [ the disturbance torque d ] an allowed value [ more 
than ], only predetermined time amount turns ON the solenoid valve 15 of the corresponding thruster 
5, and a thrust is suitably generated so that the torque u which compensates this may arise (ST 4). 
[0017] The presumed machine 4 may become the posture fluctuation which cannot be left, if the 
minute posture fluctuation by the error on an operation may arise and the posture fluctuation below a 
setting allowed value is integrated, since the disturbance torque d is presumed with the equation of 
motion. For this reason, in this invention, a sun sensor 6 detects the posture of the robot body 2 after 
thruster actuation (ST 5), the existence of a presumed error is checked substantially, and it judges 
whether minute posture fluctuation remains (ST 6). In addition, naturally in parallel to thruster 
actuation, it may be made to perform this minute posture fluctuation detection. And if minute posture 
fluctuation cannot be disregarded, a reaction wheel 7 will be made to drive by the command of a 
controller 8. A reaction wheel 7 is Torque uR to the space robot body 2 by the well-known 
gyroscope force. It is made to generate (ST 7) and this posture fluctuation is compensated by 
feedback control (ST 8). 

[0018] Thus, so that the space robot body 2 may not carry out posture fluctuation by the reaction 
force produced when a manipulator 1 operates The feedforward control which calculates arm 
momentum as disturbance torque d with the equation of motion, and compensates posture fluctuation 
by the thruster 5, Since it was made to make the feedback control which senses the minute posture 
fluctuation (deltad) which remains with a sun sensor 6, and compensates this by actuation of a 
reaction wheel 7 cooperate Quick and exact attitude control is made and improvement in the 
operating accuracy of a manipulator 1 and a space robot and working efficiency is attained. 
[0019] Next, the equation of motion shown in the above-mentioned example is explained. 
[0020] Here, it is D-H (Denavit-Hartenberg) first. The equation of motion of the space robot 
containing a manipulator is computed as an ordinary differential equation of only an attitude angle 
using conversion and Lagrange's equation. Next, from the position which, if possible, lessens the 
amount of attitude-angle fluctuation, and consumption energy as a thruster control law, the 
comparison by the simulation of the feedforward control (disturbance torque compensatory control) 
of this invention and feedback control, such as the shortest time amount, minimum-energy control, 
etc. about a body posture, is performed. 

[0021] The analytic model which generalized the space robot with a manipulator is shown in 
drawing 4 . Link system-of-coordinates sigmai fixed on the joint i of a manipulator About expressed 
movement, it is D-H. It changes into inertial system using conversion, and asks for the equation of 
motion using the Lagrange equation. Inertial-system sigmaA A zero is taken in the center-of-gravity 
location of the space robot body before movement. Moreover, rotation of a robot body is robot 
system-of-coordinates sigmaO. It shall give by the roll (gamma) which is a kind of Eulerian angle 
conversion, the pitch (beta), and the yaw (alpha). 

[0022] The following assumptions were prepared in order to draw the equation of motion. 

[0023] (1) Each link is the rotation joint mold of a single arm n degree of freedom, and all systems 

are the rigid bodies. 

[0024] (2) Mass of each link is made small compared with a joint or hand hand mass, and the mass 
of a link and the rotational inertia mass of the circumference of a link center of gravity can be 
disregarded. 

[0025] The main notations of an analytic model are as in Table 1. 

[0026] 

[Table 1] 
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[0027] Link system-of-coordinates sigmai Robot system-of-coordinates sigmaO Conversion is D-H. 
It is expressed like several 1 using conversion. 
[0028] 
[Equation 1] 

<r| > = T , o.TM» 2 ...T' i . t (ri} = TMri} 

[0029] Here, it is {ri} = {xi, yi, zi, and 1}, and is the suffix 0 of a left shoulder. The display by robot 
system of coordinates is shown. Moreover, Ti i-1 It is given by the following several 2. 
[0030] 
[Equation 2] 

C 6 i - S 0 I C d \ ^fl-e . t ~ 

S 0; - r a • r 1 x 6 y S a i 1 i c 0 ; 

0 Sa i Qi C 6i r S «i LIS 6 \ 

0 o 1 C 0 a » f i 



T 1 i - i = 



[0031] However, Ctheta expresses Cos theta and Stheta expresses Sin theta. 

[0032] 0 given by several 1 Since it is the vector of {4x1}, {ri} is newly {3x1} vector of only x, y, 
and the direction component of z 0 It is referred to as {ri}, and it will be set to several 3 if expressed 
with inertial system. 
[0033] 
[Equation 3] 

*{ri}=*A 0 0{r!} + {x} 

[0034] Robot system-of-coordinates sigmaO Transformation matrix A AO which changes into 
inertial system the vector currently displayed It is a roll, a pitch, and yaw conversion and is given by 
several 4. 
[0035] 
[Equation 4] 
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[0036] The advancing-side-by-side rate in inertial system carries out time amount differential of 
several 3, and is set to several 5. 
[0037] 
[Equation 5] 

A {ri}= A Ai°{ri} + A Ai°{ri) + {x} 

[0038] sigmai at the tip of link i Angular- velocity omega i which can be set It is several 6. 
[0039] 
[Equation 6] 

w i = A { <(> } + Z fl ( A A 0 °u j) 

[0040] It is 0 uj here. It is the vector of only x of several 7, y, and the direction component of z. 
[0041] 
[Equation 7] 
TMuj) 0 j 

[0042] Moreover, A is given by several 8. 
[0043] 
[Equation 8] 

C j3 C r - S r 0 
A = C p C y -Cr 0 

-S/3 0 1 

[0044] The kinetic energy of the whole system is set to several 9 from several 5 and several 6. 

[0045] 

[Equation 9^ 

T = 1/2 Z ( mi A {ri} T .A {r ' ;} + I ; w j . w ; ) 
i = 0 

[0046] Several nine can be substituted for Lagrange's equation and it can ask for a robot's equation of 

motion. 

[0047] 

[Equation 10] 

dt dqj dq i 

[0048] By using a formula-manipulation program, the equation of motion can be drawn 
comparatively easily, several 10 — setting — generalized coordinate qi ******— x , and y, z, alpha, 
beta and gamma — taking — generalization external force Qi If it places with zero, six equations the 
advancing-side-by-side direction and the hand of cut carried out [ equations ] the manifold type will 
be obtained. In addition, theta and theta dot, and theta two dot shall be given with a command value. 
[0049] If x, and y and z are eliminated only paying attention to posture fluctuation of a body and it 
contracts now to the 3 yuan equation of motion about the attitude angles alpha, beta, and gamma, it 
will be set to several 1 1 and several 12, and 13 and 14, and numerical integration can be carried out 
easily. 
[0050] 

[Equation 1 1 ] 
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M(e,*)0 + c ( e , e , «*>) * +di(0,0,*)ii 

t d 2 (6 J^lij = F ( 0 , 0 , 0 ) 
[0051] 

Equation 12] 
* } = { a , 0 , r ) T 

[0052] 

[Equation 13] 
[0053] 

[Equation 14] 

{0 2 } = { a 0 . 0 Y . Y a } T 

[0054] Since it can ask for attitude-angle fluctuation from several 1 1 if a motion of each joint is 
known, it transposes except the first term of left part of several 1 1 to the right-hand side, and the 
right-hand side is considered to be the disturbance torque estimate d. 
[0055] 

[Equation 15] 

m ( e . <t> ) * = d ( e . e ,e , <t> , i ) + " 

[0056] Therefore, posture fluctuation can be suppressed, if the thruster generating torque u is given 
so that d may be compensated as said example already showed. It can ask for d by the symbolic 
arithmetic using a trigonometric function by acquiring the performance information of an arm, and 
attitude information from a manipulator control system and an attitude control system, respectively. 
And a thruster is ON-OFF control and can choose momentum as a controlled variable by adjusting 
the operating time. That is, as the integral value of disturbance torque estimate is shown in a degree 
type, when a certain setting momentum is reached, fixed time amount actuation is carried out. 
[0057] 

integral disturbance torque estimate dx>= setting momentum ....** and thruster operating time are 

given by the degree type. 

[0058] 

Operating time = setting momentum / thruster generating torque .... In the control algorithm of **, in 
addition this invention Although arising [ posture fluctuation ]-for controlling force error 
accompanying it ** can be considered when there are a velocity errors arising when the integral 
value of disturbance torque estimate remains with the value below setting momentum, and a 
modeling error A possible thing is as said example having shown in the feedback control according 
[ these compensation ] to comparatively small actuators of generating torque, such as a reaction 
wheel. 

[0059] Next, the comparison with the time optimal control, or the shortest time amount and 
minimum-energy control which is feedback control is explained. 

[0060] It considers applying the shortest time amount and minimum-energy control to the robot body 
posture fluctuation control by movement of an arm first. This controlling method is ON-OFF control, 
and when the constraint of controlling force regularity sticks like a thruster, it is used. When a setting 
include angle with posture fluctuation is exceeded, a thruster is operated by Bang-zero-Bang control 
as a minimum time problem or a minimum-energy problem. 

[0061] several 1 ldl and d2 the right-hand side ~ transposing - the sum with F — new - F0 ** — it 
will be set to several 16, if it carries out, and the thruster controlling force u is applied and being 
expressed with an equation of state. 
[0062] 

[Equation 16] 
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[0063] It is in charge of designing the shortest time amount and a minimum-energy control 
algorithm, and is several 16 to M-1F0. A term is omitted and the model which linearized M and C as 
a constant further is set to several 17. 
[0064] 

(Equation 17] 
x} - F{x} + gu 

[0065] The performance index J for optimizing control energy and control time amount to 

coincidence is given by several 1 8 by making R into a weighting factor. 

[0066] 

[Equation 18] 

J = $ J f { IH |u(t)| }dt 

[0067] Initial condition and termination conditions are [0068]. 
[Equation 19] 

<P (to) a 4> o. 4> (to) = #o 
0 (tf) =0. « (t f ) - 0 

[0069] ** — it gives like — having — thruster controlling force — [0070] 
[Equation 20] 

-uo ^ u ^ Uo 

[0071] The optimal control law which can give the becoming constraint can be obtained from the 
variation principle with a constraint of termination freedom as follows with reference to reference 
(M. "Kanichiro Kato, engineering optimum control, University of Tokyo Press, 1988.4, ppl31 141", 
and "Athans, P.Falb, "OptimalControl", McGraw-Hill, 1966"). 

[0072] lambda is given to a concomitant variable, then Hamiltonian H by several 21. 
[0073] 

[Equation 2 1 ] 

H = R + |u (t)| + X T [Fx + gu] 

[0074] By solving the differential equation about lambda here and using the principle of 
PONTORY AGIN for the conditions of control-input optimality shows that the sequence of ON-OFF 
control becomes two kinds of {-u0, 0, u0}, and {u0, 0, -u0}. If the conditions whose H is 0 are used 
along with optimal TORAJIEKUTORI, it can be integrated with a change curve and it will be given 
by several 22. 
[0075] 

[Equation 22] 

Fi (y) = -M-*Cy + sgn(y) (M~ l u 0 ) 

•In (1+M- J C |y|/M- 1 u 0 )/(M- 1 O 2 
F 2 (y)= -M" l Cy + sgn(y) (M^Uo) 

•ind + RM-^C Iyl/M^ l uo(R + 2Clyl))/(M- 1 C) 2 

[0076] Fl It is F2, when it is in agreement with the change curve in time optional control and R is 
enlarged. Fl It approaches. Fl F2 In between, controlling force u serves as zero. 
[0077] Next, the concrete example of an operation is shown. 

[0078] Single arm 3 as shown in drawin g 5 as a model of simulation A space robot with the 
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manipulator of a link is used. Moreover, the major characteristics are shown in Table 2. 

[0079] 

[Table 2] 
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[0080] It was presupposed that it moves here in 15 seconds by the trapezoid rate pattern as shown in 
drawing 6 to the activity location (thetal =1, theta2 =2.57, and theta3 =1.5) assumed from the 
posture (thetal =0, theta2 =1.57, theta3 =0) which had lengthened the arm. Count was performed for 
20 seconds. In addition, for a thruster, thrust 10 N is each shaft. It assumed that two sets were 
installed and generating torque was set to 20Nm. 

[0081] the rotation produced on a body according to the reaction of an arm movement when not 
performing attitude control ~ a variation rate becomes like drawing 7 . Attitude-angle fluctuation of 
a body becomes large with an arm movement, and serves as constant value at an arm-movement halt 
and coincidence. In this example of count, the maximum attitude-angle fluctuation was about 0.1 15 
(rad) at the circumference of beta shaft. 

[0082] The result of the triaxial control simulation by the feedforward control of this invention is 
shown in drawing 8 . The amounts of observation are the include angle of each joint, angular 
velocity, angular acceleration and the attitude angle of a body, and posture fluctuation angular 
velocity. Thruster operating time was taken as 0.2sec(s). 

[0083] As shown in this drawing, when a final posture fluctuation angle does not perform attitude 
control, it is 0.0066 (rad) at the circumference of largest beta shaft. About 1/20 It turns out that 
posture fluctuation can be suppressed. In addition, the small velocity error produced in the 
circumference of alpha shaft improves by the feedback control by the reaction wheel already 
explained in said example. 

[0084] The comparison with the feedforward control of this invention, and the shortest time amount 
and minimum-energy control was performed to movement within a field of the circumference of beta 
shaft which was the largest (thetal =0: regularity) in the above-mentioned example of an operation. 
Although computation omitted, the posture fluctuation when not applying controlling force was 
0.156 (rad). 

[0085] The attitude angle, angular velocity, and thruster operating time of feedforward control of this 
invention are shown in drawin g 9 and drawing 10 , respectively. Moreover, the attitude angle, 
angular velocity, and thruster operating time of the time optimal control which set weighting-factor 
R to 1012 at drawing 1 1 and drawing 12 are shown. And to drawing 13 and drawing 14 , it is 
weighting- factor R 106 The attitude angle, angular velocity, and thruster operating time of the 
shortest time amount and minimum-energy control carried out are shown. The amount of observation 
of the shortest time amount and minimum-energy control is the attitude angle and attitude-angle 
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angular velocity of a body, and the attitude angle of a body is 0.0052 (rad). When exceeded, it was 
presupposed that a thruster operates. 

[0086] Comparing with the posture fluctuation angle 0.156 (rad) when not adding control in any 
case, a posture fluctuation angle is 1/10. It is small. Moreover, even if there are an attitude-angle rate 
dependence term and disturbance by movement of an arm, it turns out that the shortest time amount 
and minimum-energy control are operating well. Namely, M-1F0 [ in / at several 17 / several 16 ] 
Although the term was omitted, the effect can be processed as disturbance in the time amount. 
[0087] The maximum posture fluctuation deflection and the thruster actuation load product of each 
control approach are collectively shown in Table 3. The feedforward control of this invention has the 
smallest thruster actuation load product, and is the abbreviation one half of other approaches. 
Moreover, attitude-angle fluctuation is also smaller than other approaches. That is, the result that the 
feedforward control of this invention was the best was obtained. In addition, although an actuation 
load product also becomes small in the shortest time amount and minimum-energy control as a 
weighting factor is made small, attitude-angle fluctuation increases quickly. 
[0088] 
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[0089] Thus, the equation of motion of this example is the three-dimension equation of motion of the 
space robot in consideration of movement of an arm, draws only an attitude angle as an unknown 
and considers movement of an arm as disturbance to a space robot body. And as compared with the 
shortest time amount and minimum-energy control, a thruster impulse becomes small, and this 
approach is very effective in a space robot, in view of the working medium of a thruster being 
limited. 
[0090] 

[Effect of the Invention] Above, in short, according to this invention, quick and suitable attitude 
control can be performed and the outstanding effectiveness that improvement in the operating 
accuracy of a manipulator and a space robot and working efficiency is attained is demonstrated. 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The posture of the space robot body changed according to the reaction force of a 
manipulator of operation is faced controlling suitably. Ask for the equation of motion which opts for 
movement of a space robot beforehand, and the momentum of an arm is presumed as disturbance 
torque based on the above-mentioned equation of motion using the actuation information on the 
above-mentioned manipulator. The attitude control approach of the space robot characterized by 
generating a gyroscope force and compensating the posture fluctuation by feedback control when 
there is minute residual fluctuation by a presumed error etc., while generating torque by the thruster 
so that the estimate may be compensated. 

[Claim 2] In the equipment for controlling suitably the posture of a space robot body with the 
manipulator which reaction force of operation produces The presumed machine for presuming the 
momentum of an arm as disturbance torque based on the equation of motion of a space robot using 
the actuation information on the above-mentioned manipulator, The thruster for generating the 
torque which compensates estimate with this presumed machine, The sensor which detects the 
posture of the above-mentioned space robot body, and the gyroscope force developmental mechanics 
for compensating the posture fluctuation with the above-mentioned minute space robot body, 
Attitude control equipment of the space robot characterized by having a controller for carrying out 
feedback control of the above-mentioned gyroscope force developmental mechanics so that the 
fluctuation may be lost based on the posture detection value by the above-mentioned sensor. 
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